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MEMORY MANAGEMENT SYSTEM AND 
METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to a memory management 
system in an operating system and, more particularly, to a 
system and a method of memory management in an oper 
ating system using variable length memory block manage 
ment. 

Heretofore, in an operating system (hereinafter abbrevi 
ated as OS) which adopts variable length memory block 
management, a memory block which is cut out (or acquired) 
from a memory pool is always appended with a management 
table (also called memory block management table) for its 
managing. 
The memory block management table is a data structure 

for all the memory block purposes. However, where the 
memory block is used as an object management table for the 
management of objects such as tasks, semaphores, etc. in the 
OS, almost all the areas of the memory block management 
table that is always appended to the object management 
table is not utilized in the object operation. That is, where the 
memory block is used as the object management table, 
information in the memory block management table is 
required only when the memory block is returned to the 
memory pool. 
A process in the prior art memory management system for 

producing or returning an object management table by the 
memory block in order to produce or delete an object will 
now be described. 

FIG. 2 shows an example of the memory block manage 
ment table con?guration, and FIG. 3 shows an example of 
the prior art object management table con?guration. 

FIG. 4 is a ?ow chart illustrating an object management 
table production routine in a prior art memory management 
system, and FIG. 5 is a ?ow chart illustrating an object 
management table deletion routine in the prior art memory 
management system. 
Now, an acquisition process of a memory block for an 

object management table when an object production request 
is made to the OS will be described with reference to FIG. 
4. When the object production request is made to the OS, a 
step S1 in FIG. 4 is executed, in which a memory block 
having a size of (an area necessary for an object manage 
ment table)+(an area necessary for a memory block man 
agement table) is cut out from a memory pool. In a subse 
quent step S2, a memory block management table having the 
con?guration shown in FIG. 2 is produced in the cut-out 
memory area. The memory block management table is to be 
used by the OS for memory block management, and it is 
always appended to a memory block for any purpose when 
the memory block is cut out. 

In a subsequent step S3, a management table for the 
intended object is produced in the cut-out memory block, 
thus bringing an end to the object production process. 

FIG. 3 shows the con?guration of the object management 
table produced in the above steps S1 through S3. As shown, 
the object management table is appended with the memory 
block management table for memory block management. 
Now, a routine for returning the memory block that has 

been used as the object management table to the system 
memory pool by deleting the object will be described with 
reference to FIG. 5. In a step S4 shown in FIG. 5, an attribute 
memory pool access address 15 (see FIG. 2) that belongs to 
the memory block management table appended to the object 
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2 
management table, with respect to which a deletion request 
has been made, is obtained. In a subsequent step S5, the 
pertinent memory block is returned to the memory pool, to 
which the memory block had been attributed 
The OS executes a process operation with respect to an 

object with reference to only the information for the object 
management block. Further, in the memory block acquiring 
and returning processes with respect to an object, as the 
memory block management table information, high-order 
and low-order addresses 13 and 14 of memory block and 
address 15 of attribute memory pool are required when 
returning the memory block, and other information are 
required only within the system or only when using a 
memory block as a mail box message. In other words, where 
a memory block is used as an object management table, the 
memory block management table is operated when and only 
when returning the memory block. Consequently, the 
memory utility ef?ciency is low. 
As shown above, in the prior art memory management 

system the memory block management table which is 
always appended to the memory block when acquiring the 
memory block, is used in practice only when returning the 
acquired memory block and not used in the actual object 
operation. Thus, the memory block management table occu 
pies useless memory area, which is undesired for e?icient 
memory utility. 
To delete the useless memory area, for instance, the 

memory block for the object management table may be 
managed in a separate process. Doing so, however, leads to 
the OS module size increase, and is particularly impractical 
in an assembly system. for which size reduction and opera 
tion speed increase are required. 

SUMMARY OF THE INVENTION 

An object of the present invention is, therefore, to provide 
a memory management system and a memory management 
method, which can solve the above problem and greatly 
increase the utility ef?ciency of the memory area by the 
memory block management table, which is always appended 
to the memory block when acquiring a memory block for the 
object management table. 

According to one aspect of the present invention there is 
provided a memory management system for managing a 
memory block in an operating system, which adopts variable 
length memory block management, and in which a memory 
area of a memory block management table that is appended 
when acquiring the memory block is used as an object 
management table, the memory block management system 
comprising at least: memory pool access address preserva 
tion means; memory block address calculation means; 
memory pool address return means; and memory block 
management table reproduction means; the memory block 
address calculation means including means for calculating a 
low-order address of the memory block and means for 
calculating a high-order address of the memory block; the 
memory pool address preservation means preserves a 
memory pool address stored in the memory block manage 
ment table in a memory pool address storage area when 
acquiring the memory block for the object management 
table from a memory pool; the memory pool address return 
means reading out a memory pool address held in the 
memory pool address preservation means when returning 
the memory block or the object management table to the 
memory pool; the memory block management table repro 

' duction means reproducing the memory block management 
table for the object management table from the low-order 
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and high-order memory block addresses calculated by the 
memory block address calculation means and also from the 
memory pool address returned by the memory pool address 
returned means. 

According to another aspect of the present invention there 
is provided a memory management method for managing a 
memory block in an operating system adopting variable 
length memory block management, comprising: a step of 
acquiring a memory block used as an object management 
table from a memory pool by: cutting a memory block 
corresponding to the size of the obj ect management table out 
the memory pool; assigning the cut-out memory block to a 
memory block management table for managing the memory 
block of the object management table from the leading 
address of the cut-out memory block; preserving a memory 
pool address stored in the memory block management table 
in a predetermined preservation area; and using a memory 
area of the memory block management table as the object 
management table; and a step of returning the memory block 
having been used as the object management table to the 
memory pool by: calculating a low-order address of the 
memory block to be returned from the leading address of the 
cut-out memory block and the size of the memory block 
management table and also calculating a high-order address 
of the memory block to be returned from the leading address 
of the memory block and the size of the object management 
table area; returning the preserved memory pool address; 
and re-constructing the memory block management table for 
managing the memory block to be returned. 

Other objects and features will be clari?ed from the 
following description with reference to attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating the acquiring and 
returning of a memory block for an object management table 
according to the present invention; 

FIG. 2 shows an example of the memory block manage 
ment table con?guration; 

FIG. 3 shows an example of the prior art object manage 
ment table con?guration; 

FIG. 4 is a ?ow chart illustrating an object management 
table production routine in a prior art memory management 
system; 

FIG. 5 is a ?ow chart illustrating an object management 
table deletion routine in the prior art memory management 
system; 

FIG. 6 shows a con?guration of a memory block in the 
embodiment of the invention; 

FIG. 7 is a ?ow chart showing a routine of acquiring an 
object management table in a ?rst embodiment of the 
present invention; 

FIG. 8 is a ?ow chart showing a routine of returning the 
object management table in the ?rst embodiment of the 
present invention; 

FIG. 9 shows the con?guration of a system management 
table in the ?rst embodiment of the present invention; 

FIG. 10 shows the con?guration of a semaphore manage 
ment table in the ?rst embodiment of the present invention; 

FIG. 11 is a ?ow chart illustrating the routine of acquiring 
an object management table in the second embodiment of 
the present invention; 

FIG. 12 is a ?ow chart of the routine of returning the 
object management table in the second embodiment of the 
present invention; and 
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4 
FIG. 13 shows the con?guration of a semaphore manage 

ment table in the second embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Now, a ?rst embodiment of the memory management 
system according to the present invention will be described 
in connection with routines of producing and deleting a 
semaphore as an object will be described. 

FIG. 1 is a block diagram illustrating the acquiring and 
returning of a memory block for an object management table 
according to the present invention. FIG. 6 shows the con 
?guration of a memory block in the embodiment of the 
present invention. FIG. 7 is a ?ow chart showing a routine 
of acquiring an object management table in a ?rst embodi 
ment of the present invention. FIG. Sis a ?ow chart showing 
a routine of returning the object management table in the 
?rst embodiment of the present invention. FIG. 9 shows the 
con?guration of a system management table in the ?rst 
embodiment of the present invention. FIG. 10 shows the 
con?guration of a semaphore management table in the ?rst 
embodiment of the present invention. 

Referring to FIG. 1, this embodiment of the memory 
block management system is provided in an 08 (operating 
system) 3 present in a main memory 1. and it comprises a 
memory pool access address preservation means 4, a 
memory block address calculation means 5, a memory pool 
address return means 6 and a memory block management 
table reproduction means 7. 
When a task 2 provides a request for producing an object 

(i.e., a semaphore in this embodiment). the memory pool 
access address preservation means 4 preserves a memory 
pool address in a memory pool address storage area 8 to cut 
out a memory block of an object management table 9. 

The memory block address calculation means 5 calculates 
a high-order/low-order address of a memory block area from 
the leading address of the object management table and the 
sizes of the memory block management table and object 
management table. 
The memory pool address return means 6 records the 

memory pool address that has been preserved in the memory 
pool address storage area 8 to a predetermined area thereof 
corresponding to a memory block management table 10 in 
the cut-out object management table 9. 
The memory block management table reproduction 

means 7 reproduces a memory block management table for 
the object management table on the basis of the high-order] 
low-order addresses of the memory block area as calculated 
by the memory block address calculation means 5 and the 
information returned by the memory pool address return 
means 6. 

In this embodiment, only a single memory pool for 
acquiring the memory block for the object management 
table is provided in the system. At the time of the activation 
of the system, the memory pool address is recorded in the 
memory pool address 29 in the system management table 
with the con?guration as shown in FIG. 9. The memory pool 
for producing the object management block is referred to as 
“system memory pool”. 
Now, the routine of acquiring the memory block when 

producing a semaphore in this embodiment will be described 
with reference to FIG. 7. When a semaphore production 
request is made to the OS, a memory block for producing a 
semaphore management table (see FIG. 10) is cut out from 
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the system memory pool area in a step S6. The request size 
at this time is the table size of the semaphore management 
table without including the area size of the memory block 
‘management table for the semaphore management table. 

In a subsequent step S7, the memory block management 
table as shown in FIG. 2 is produced in the leading of the 
cut-out memory block area. Then, in a step S8, the infor 
mation as the semaphore management table is recorded from 
the leading of the memory block that has been cut out from 
the system memory pool in the process of the step S6. In 
greater detail, in this step the information as the semaphore 
management table is recorded from the leading of the 
memory block by overriding in the memory block manage 
ment table area. Thus, the original memory block manage 
ment table information is destroyed, and the sole informa 
tion as the semaphore management table is made to be 
present in the cut-out memory block. 
As shown, in the routine of acquiring the semaphore 

management table in this embodiment, the memory block 
management table for the semaphore management table 
which is not practically required in the semaphore operation 
is not present in the main memory 1. It is thus possible to 
obtain increased memory utility e?iciency. 
Now, the routine of returning the memory block for the 

semaphore. management table when the semaphore is 
deleted will be described with reference to FIG. 8. 

In steps S9 to S11 in FIG. 8, of the contents in the memory 
block management table (see FIG. 2) that is destroyed when 
producing the semaphore management table, only three 
pieces of infonnation, i.e., the low-order and high-order 
addresses 13 and 14 of memory block and the attribute 
memory pool access address 15, these pieces of information 
being required for the returning of the memory block, are 
recorded in the memory block to reproduce the memory 
block management table. 

In the ?rst place, in the step S9 the low-order address of 
the memory block (shown at 23 in FIG. 6) is calculated and 
stored in the memory block management table. 
The low-order address of the memory block area is 

calculated as follows: 

(Low-order address of memory block )=(Leading address ‘ 
of semaphore management table)+(Size of memory 
block management table) 

The size of the memory block management table is constant 
in the system and has a known value. 
Semaphore management tables or like object manage 

ment tables are entered in respective object entry queue in 
the system management table, and the leading address of the 
desired semaphore management table can be found by 
retrieving the entry queue. 

In the subsequent step S10, the high-order address of the 
memory block (designated at 25 in FIG. 6) is calculated and 
recorded in the memory block management table. 
The high-order address of the memory block is calculated 

as follows: ‘ 

(High-order address of memory block)=(Leading address 
of semaphore management table)+(Size of semaphore 
management table) 

The size of the semaphore management table is constant in 
the system and has a known value. 

Then, in the step S11 the system memory pool access 
address 29 recorded in the system management table (see 
FIG. 9) is recorded in the attribute memory pool access 
address 15 (see FIG. 2) in the semaphore management table 
in an area thereof corresponding to the original memory 
block management table. ~ 
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6 
The routine then goes to a step S12 of returning the 

memory block to the system memory pool according to the 
memory block management table ?'lat has been reproduced 
in the steps S9 to S11. 
As has been shown, in this embodiment it is possible to 

reproduce the memory block management table by holding 
the address of the memory pool, from which a memory 
block is cut out for producing a semaphore management 
table, in the system management table and without holding 
the memory block management table area for the semaphore 
management table that is not practically required for the 
semaphore operation itself. 

Since in this embodiment the memory block management 
table is appended when acquiring and returning the memory 
block, it is possible to utilize a prior art processing module 
for the memory block operation without any modi?cation. 
Now, a second embodiment of the memory management 

system according to the present invention will be described 
in connection with the routines of producing and deleting a 
semaphore as an object in a system, in which are a plurality 
of memory pools. 
As noted above, a system memory pool is present for 

managing all the OS memories in the system, and the 
acquiring of a memory block or the like is done from the 
memory pool. Further, it is possible that the user produces 
a memory pool separately from that for the system. Further, 
it is possible to acquire a memory block from a memory pool 
which is produced separately from the system. To this end, 
the memory block management table (see FIG. 2) has an 
area 15 for storing the address of the memory pool, to which 
a memory block attributes. 

FIG. 11 is a ?ow chart illustrating the routine of acquiring 
an object management table in the second embodiment of 
the present invention. FIG. 12 is a ?ow chart of the routine 
of returning the object management table in the second 
embodiment of the present invention. FIG. 13 shows the 
con?guration of a semaphore management table in the 
second embodiment of the present invention. 

In the second embodiment of the present invention, the 
memory block management system, like the ?rst 
embodiment, has a construction as shown in FIG. 1. As 
shown, the OS (operating system) 3 present on a main 
memory 1 comprises a memory pool access address pres 
ervation means 4, a memory block address calculation 
means 5, a memory pool address return means 6, and a 
memory block management table reproduction means 7. 
As shown in FIG. 13, in the second embodiment of the 

present invention, the attribute memory pool address 46 of 
a semaphore management table is provided as a storage area, 
in which the memory pool access address preservation 
means 4 preserves the memory pool address. 
Now, the routine of acquiring a memory block when 

producing a semaphore in the second embodiment of the 
present invention, will be described with reference to FIG. 
11. When a semaphore production request is made to the OS, 
a memory block for the semaphore management table is cut 
out from the system memory pool in a step S13. The request 
size at this time is the table size of the semaphore manage 
ment table without including the size of the memory block 
management table area for the semaphore management 
table. 

In a subsequent step S14, the memory block management 
table (see FIG. 2) is produced in the leading of the cut-out 
memory block area. FIG. 6 shows the status of the memory 
block at the instant of end of the step S14. 

Then, in a step S15 the information of the attribute 
memory pool address 15 in the memory block management 
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table produced in the process of the step S14 is preserved in 
the attribute memory pool address 46 (see FIG. 13) provided 
in the semaphore management table. 
Then, in a step S16 the information as the semaphore 

management table is recorded in the memory block cut out 
in the step S13 from the leading address of the memory 
block. In this step, the information as the semaphore man 
agement table is recorded by overriding in the memory 
block from the leading address thereof, the original memory 
block management table is destroyed. and only the infor 
mation as the semaphore management table is present in the 
cut-out memory block. 

In the above routine of acquiring the semaphore manage 
ment block, the memory block management table for the 
semaphore management table which is not practically 
required for the semaphore operation is not present on the 
main memory 1. It is thus possible to obtain increased 
memory utility efficiency. 
Now, the routine of returning the memory block for the 

semaphore management table when the semaphore is 
deleted will be described with reference to FIG. 12. 

In steps S17 to S19 in FIG. 12, of the memory block 
management table shown in FIG. 2, which was destroyed 
when the semaphore management table was produced, only 
three pieces of information, i.e., the low-order and high 
order addresses 13 and 14 of the memory block and the 
attribute memory pool address 15 assigning the destination. 
to which the memory block is to be returned. only these 
pieces of information being required for the returning of the 
memory block, is recorded in the memory block, thus 
reproducing the memory block management table. 

In the ?rst place, in the step S17 the low-order address of 
the memory block (designated at 23 in FIG. 6) is calculated 
and stored in the low-order address 13 of the memory block 
in the memory block management table shown in FIG. 2. 
The low-order address memory block is calculated as 

follows: 
(Lower-order address of memory block)=(Leading 

address of semaphore management table)+(Size of 
memory block management table) 

The size of the memory block management table is constant 
in the system and has a known value. 

In a subsequent step S18, the high-order of the memory 
block (designated at 25 in FIG. 6) is calculated and stored in 
the high-order address 14 of the memory block in the 
memory block management table shown in FIG. 2. 
The memory block high-order address is calculated as 

follows: 
(High-order address of memory bloclr)=(Leading address 

of semaphore management table)+(Size of semaphore 
management table) 

The semaphore management table size is constant in the 
system and has a known value. 
Then, in the step S19 the memory pool address which has 

been previously preserved in the attribute memory pool 
address 46 of the semaphore management table (see FIG. 
13) in the process of the step S15. is written and returned in 
the attribute memory pool address 15 (see FIG. 2) in the area 
of the semaphore management table corresponding to the 
original memory block management table. 
Then, the routine goes to a step S20 of returning the 

memory block to the memory pool according to the memory 
block management table reproduced in the steps S17 to S19. 
As has been shown. in this embodiment it is possible to 

reproduce the memory block management table by holding 
the memory pool address for the production of the sema 
phore management table in the semaphore management 
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8 
table area and without holding the memory block manage 
ment table area for the semaphore management table which 
is not practically required for the semaphore operation. 

Further, since the memory block management table is 
appended when acquiring and returning the memory block, 
it is possible to utilize a prior art processing module for the 
processing of the memory block operation Without any 
modi?cation. 
As has been described in the foregoing, in the memory 

management system according to the present invention the 
memory block management table area that is produced for 
the memory block out out for the object management table 
is used as the object management table without holding it. It 
is thus possible to obtain increased memory utility e?i 
ciency. Particularly, it is possible to attain a great reduction 
ofthe memory area in a real-time OS or the like, for which 
size reduction and operating speed increase are required. 

Further, since according to the present invention the 
memory block management table is present when acquiring 
and returning the memory block, a prior art processing 
module may be used for the processing of the memory block 
operation without any modi?cation. Thus. it is possible to 
eliminate the necessity of introducing a new processing 
system for the object management table and permits com 
mon memory management processing. Moreover, it is pos 
sible to reduce the size of the processing module. 
What is claimed is: 
1. A memory management system for managing a 

memory block in an operating system, which adopts variable 
length memory block management, and in which a memory 
area of a memory block management table that is appended 
when acquiring the memory block is used as an object 
management table, the memory block management system 
comprising at least: 
memory pool access address preservation means; 
memory block address calculation means; 
memory pool address return means; and 
memory block management table reproduction means; 
said memory block address calculation means including 
means for calculating a low-order address of the 
memory block and means for calculating a high-order 
address of the memory block; 

said memory pool address preservation means preserving 
a memory pool address stored in the memory block 
management table in a memory pool address storage 
area when acquiring the memory block for the object 
management table from a memory pool; 

the memory pool address return means reading out a 
memory pool address held in the memory pool address 
preservation means when returning the memory block 
or the object management table to the memory pool; 

the memory block management table reproduction means 
reproducing the memory block management table for 
the object management table from the low-order and 
high-order memory block addresses calculated by the 
memory block address calculation means and also from 
the memory pool address return by the memory pool 
address return means. 

2. The memory management system according to claim 1. 
wherein a memory pool address storage area is provided in 
a system management table. 

3. The memory management system according to claim 1, 
wherein a memory pool address storage area is provided in 
the object management table, said memory pool address 
preservation means preserves a memory pool address in the 
memory pool address storage area of the object management 
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table when the memory block for the object management 
table is acquired from the memory pool. 

4. A memory management method for managing a 
memory block in an operating system adopting variable 
length memory block management, comprising: 

a step of acquiring a memory block used as an object 
management table from a memory pool by: 

cutting a memory block corresponding to the size of the 
object management table out the memory pool; 
assigning the cut-out memory block to a memory block 
management table for managing the memory block 
of the object management table from a leading 
address of the cut-out memory block; 

preserving a memory pool address stored in the 
memory block management table in a predetennined 
preservation area; 

using a memory area of the memory block management 
table as the object management table; and 
a step of returning the memory block having been used 

as the object management table to the memory pool 
by: 
calculating a low-order address of the memory block 

to be returned from the leading address of the 
cut-out memory block and the size of the memory 
block management table and also calculating a 
high-order address of the memory block to be 
returned from the leading address of the memory 
block and the size of the object management table 
area; 

returning the preserved memory pool address; and 
re-constructing the memory block management table 

for managing the memory block to be returned. 
5. The memory management IHCthOd according to claim 

4, wherein the memory pool address is preserved in a system 
management table. 

6. The memory management method according to claim 
4. wherein the address of an attribute memory pool in a 
system having a plurality of memory pools is preserved in 
the acquired object management table. 

‘7. A memory block management system having a task. an 
operating system, a memory pool access address preserva 
tion means, a memory block address calculation means, a 
memory pool address return means, a memory block man 
agement table reproduction means in a main memory, and an 
object management table, wherein 

in response to a request for producing an object ?om said 
task. said memory pool access address preservation 
means preserves a memory pool address in said 
memory pool address storage area to cut out a memory 
block of said object management table; 

said memory block address calculation means calculates 
a high-order/low-order address of a memory block area 
from a leading address of the object management table 
and sizes of the memory block management table and 
object management table; 

said memory pool address return means records a memory 
pool address that has been preserved in the memory 
pool address storage area to a predetermined area 
thereof corresponding to a memory block management 
table in the cut-out object management table; and 
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said memory block management table reproduction 
means reproduces a memory block management table 
for the object management table on the basis of the 
high-order/low-order addresses of the memory block 
area obtained by the memory block address calculation 
means and the information returned by the memory 
pool address return means. 

8. A method of returning a memory block for a semaphore 
management table when a semaphore is deleted comprising: 

a ?rst step for calculating a low-order address of a 
memory block and storing it in a memory block man 
agement table, said low-order address of the memory 
block area being calculated by adding a ?rst address of 
the semaphore management table and a size of the 
memory block management table; 

a second step for calculating a high-order address of a 
memory block and recording it in a memory block 
management table, said high-order address of the 
memory block being calculated by adding a leading 
address of the semaphore management table and a size 
of the semaphore management table; 

a third step for recording a system memory pool access 
address recorded in a system management table in an 
attribute memory pool access address in the semaphore 
management table in an area thereof corresponding to 
the original memory block management table; and 

a fourth step for returning the memory block to the system 
memory pool according to the memory block manage 
ment table. 

9. A method of returning a memory block for a semaphore 
management table when a semaphore is deleted comprising: 

a ?rst step for calculating a low-order address of the 
memory block and storing it in a low-order address of 
the memory block in a memory block management 

~ table, said low-order address memory block being 
calculated by adding a leading address of the sema 
phore management table and size of the memory block 
management table; 

a second step for calculating a high-order address of the 
memory block and storing it in a high-order address of 
the memory block in the memory block management 
table, the high-order address of said memory block 
being calculated by adding a leading address of the 
semaphore management table and a size of the sema 
phore management table; 

a third step for writing and returning the memory pool 
address, which has been previously preserved in an 
attribute memory pool address of the semaphore man 
agement table, in an attribute memory pool address in 
an area of the semaphore management table corre 
sponding to the original memory block management 
table; and 

a fourth step for returning the memory block to the 
memory pool according to the memory block manage 
ment table. 


